Introduction
Chronic daily headache is a frequent disorder with a prevalence of 2-5% in the general population [34] . Chronic headache is frequent reason for consultation both in general practice and neurology clinics [34, 32, 13] . To alleviate headaches medications such as NSAIDs (non-steroidal anti-inflammatory drugs, including aspirin), paracetamol, codeine or dihydrocodeine are frequently taken [36] . Overuse of these medications can have a paradoxical effect and may lead to medication overuse headache (MOH) [15] . Headache secondary to the overuse of medication was first described by Peters and Horton in 1951 and it became more apparent in the last decade in patients e.g. overusing triptans prescribed for migraine [32, 23, 19] . However chronic overuse of common analgesics, especially the combination of analgesics containing barbiturates, caffeine, and codeine, are the most important drugs that can induce MOH [1] .
Also, simple analgesics such as aspirin and paracetamol seem to contribute to MOH [32] . The prevalence of MOH in the general population is estimated to be about 1-2% [16] .
The diagnosis of MOH is based on the criteria of the International Classification of Headache Disorders (ICHD) [15] . They defined MOH as a chronic headache disorder (headache on more than 15 days/month for more than three months) in combination with drug overuse (intake on > 10 or 15 days/month for > 3 months) in patients with a pre-existing headache disorder.
In most clinical guidelines, including primary care guidelines, the advised treatment for MOH is education about the condition in combination with complete discontinuation (withdrawal) of the headache medication [16] . However, the advice to discontinue the medication is based on consensus, not on solid evidence [15] . Therefore it is debatable if abrupt withdrawal should be the therapy of choice, as many patients do not succeed in complete withdrawal because of increased headaches [8] . Several interventions have been suggested to reduce the burden of medication withdrawal during the first days. These included analgesics, triptans, sedatives, amitriptyline, valproate, cortisone, relaxation therapies and other preventive medications.
Search strategy
We searched Medline, Pubmed, and Cochrane from inception to November 1 st , 2015 and the Cochrane Controlled Trials Register, Cochrane Library (November 2015). Search terms were: 'medication overuse headache' and 'clinical trials'. Additional strategies for identifying trials included searching the reference lists of review articles and included trials to identify additional trials.
Two review authors (MG,AK) independently screened all titles and abstracts identified by the search for eligibility. Of the selected references we obtained the full text papers and these were again screened for eligibility according to the above-mentioned selection criteria. Disagreements were resolved by discussion.
Risk of bias assessment
Two review authors (MG, AK) independently performed the risk of bias assessment of the included trials. We used the form of the Cochrane Back Review Group including 6 domains (12 items). Items could score 'low risk' when the criteria were met; 'high risk' when it was clear from the publication that the criteria were not met; and 'unclear' when the documentation or description was insufficient to answer low or high risk. Disagreements were resolved by discussion and in case of persistent disagreement, a third review author made the final decision (AV). All trials scoring low risk on the items 'randomization', 'blinding' (only placebo controlled trials) and 'intention to treat analysis' were regarded as of low risk of bias.
Data extraction
Two review authors (MG,AK) performed the data extraction from the original reports and a third review author (AV) checked this. The extracted data included description of patients, numbers of participants, dropout rates, description of the interventions and control interventions (dose, study duration), duration of follow-up and data of outcomes (means, standard deviations, confidence intervals and numbers of patients recovered).
Data analysis
If sufficient data was available (i.e. means and standard deviation or number recovered), we calculated effect estimates: a (standardised) mean difference ((S)MD) for continuous outcomes, or relative risk (RR) for dichotomous outcomes. Each of these estimates was reported with a 95% confidence interval (95%CI).
In case of clinical homogeneity concerning the patient population, the type of intervention and control interventions we performed statistical pooling (using random effects model). Statistical heterogeneity was determined using I 2 tests, which was interpreted as follows: 0% to 40% no heterogeneity; 40% to 70% moderate heterogeneity; and 70% to 100% considerable heterogeneity.
We assessed the quality of the evidence using the GRADE approach. The quality of the evidence starts at high when at least two trials provide results for a particular outcome. The quality is reduced (downgraded) by one level for each of the following domains not met: a) limitations of the study design (> 25% of the participants come from studies with a high risk of bias); b) inconsistency (statistical heterogeneity (I 2 > 40%) or inconsistent findings among studies (< 75% of the participants reported findings in the same direction)); c) indirectness (generalizability of the findings); d) imprecision of results (total number of participants < 300 for a dichotomous outcome and < 400 for continuous outcome); and e) 'other', such as publication bias, a flawed design or massive dropout. Single randomised trials (n < 400) were considered inconsistent and imprecise and provided low-quality evidence, which could be further downgraded to very low-quality evidence.
Results

Search results
Initially, 186 references were identified by the search and two other references were selected from reviews on MOH. After screening for title and abstract we performed full text screening of 21 publications of which 18 were regarded eligible presenting 16 trials (see figure 1 ). Three publications were excluded because of no RCT [10] , including only children [33] and not including MOH patients [31] . 
Description of trials
The number of participants in each study-arm ranged from 7 [7] to 49 [2] with a total of 1105 patients included in this review. The dropout rate ranged from 4.9 to 30% (mean 15.8%). The age from the participants ranged from 16 to 72 years of age. The mean percentage of females in the trials was 80.2% (range:
66.6 to 91%) (see table 1 ).
Table 1 Characteristics of included studies Interventions
Four trials evaluated prednisone of which three compared it with placebo and one with celecoxib. Dosages of prednisolone varied between 60 -100mg/day.
All trials reduced the dosages during the treatment period, which varied between 5 -6 days. Seven trials compared a method of withdrawal (advice only, acute withdrawal, outpatient or inpatient program, follow-up by neurologist or general practitioner, biofeedback, preventive medicine) and five trials evaluated prophylactic medication of which four compared it with placebo and one with ibuprofen. All trials included a baseline period (or qualification) of about four weeks prior to the randomization. The mean (± SD) total treatment period was 22.1 (± 36.1) days.
Outcome measures
Different outcome measures were used, but all reported some measure of headache (e.g. number of headache days per month, number of days without headache, headache intensity, headache improvement or analgesic use). All trials used diaries to assess the outcomes. Some trials used improvement scores or calculated a mean headache pain intensity or a headache index. The timing of the outcome measurement varies between 15 days to 36 months. Ten trials only reported short-term results, most frequently at 8 to 12 weeks; while five trials also included a long-term outcome measure varying between 6 -36 months after randomization (see table 1 ).
Risk of bias assessment
The risk of bias assessment showed a mean number of items per study that scored low risk of bias of 5.9 (out of maximum of 12), with a range from 2 to 10 items (see table 2 ). Most of the trials scored positive on random sequence generation, group similarity at baseline and timing of outcome assessments.
However selective outcome reporting, co-interventions, incomplete outcome data (selective loss to follow-up, or loss to follow-up > 15%) and compliance were unclear in many trials. Six trials were considered as of low risk of bias [12,17/18,22,24,29,35] .
Table 2 risk of bias assessment
Efficacy of interventions
Prednisone trials
Three trials compared a prednisone with placebo group during the period of withdrawal [2, 22, 25] , of which one trials is of low risk of bias [22] . Two trials presented data for calculation of the effect estimate, but due to heterogeneity in the outcomes no statistical pooling was possible. Another trial of low risk of bias evaluated the effectiveness of celecoxib compared with prednisone [35] .
We found no differences between the prednisone or placebo groups in the use of rescue medication (RR=0.3 (95%CI: 0.09; 1.3); 1 study; 20 participants)
[22]. We also found no differences between the groups in days with severe or moderate headache or days without headache [2] . Furthermore we found no statistical significant differences between prednisone and celecoxib at 8 days in headache days (MD=0.3 (95%CI: -0.2; 0.7)), headache frequency (MD=1.3
(95%CI: -7.1; 9.7)) and the use of rescue medication (RR=1.7 (95%CI: 0.9; 3)) in one trial (of low risk of bias) with 97 participants [35] .
Overall we conclude that there is low to very low quality of evidence for no difference between prednisone and placebo or celecoxib on various headache outcome measures (single studies downgraded by design).
Method of withdrawal
Three trials compared inpatient treatment with outpatient treatment [26, 27, 5] ; all of high risk of bias. The treatment regimen in 2 trials consisted of 8 days of prednisone (60 mg/day for 2 days; 40 mg/ day for 2 days; 20 mg/day for 4 days), and personalized preventive treatment either done at home or during visits at the headache center [26, 27] . In the third trial patients received amitriptylin 20-40mg and metoclopramide for 8 days either at home or at the headache center [5] . We were able to pool the data of these trials concerning number of responders, reduction in headache days and days with medication use (see figure 2, 3 and 4). Overall we found no statistical significant differences between the inpatient or outpatient treatment on number of responders We found a statistical significant reduction of 10.5 (95%CI: 2.6; 18.5; 2 trials, 148 participants, I 2 =0%) days with medication use in favor of the inpatient treatment. Furthermore we found no statistical significant difference between a brief intervention by the GP versus usual care [18] , abrupt withdrawal versus preventive treatment [14] , follow-up by the neurologist versus follow-up by the GP [3] , in-or outpatient treatment versus no treatment [26] , or between biofeedback assisted relaxation therapy versus no treatment [11] .
Therefore we conclude that there is very low quality of evidence for no difference between inpatient or outpatient treatment on the number of responders or headache days (downgraded by design, inconsistency and imprecision). Furthermore there is low quality of evidence for benefit of inpatient treatment compared to outpatient treatment in days with acute medication (downgraded by design and imprecision). For all other treatments there is low (single studies) to very low quality (single studies, downgraded by design) of evidence for no benefit. 
Prophylactic medication
In five trials the effect of prophylactic medication was compared with placebo or ibuprofen in reducing headache and analgesic use [7, 20, 24 [20] and amitriptyline [7] . We decided to pool only the results of valproate and topiramate as both are anti-epileptica (see figure 5 and 6 ). Overall we found no statistical significant difference between valproate or topiramate in the reduction of headache days (MD=7. Furthermore we found no differences on our outcome measures between botiliumtoxin type A versus placebo and nabilone versus ibuprofen both in single studies [24, 28] . On the other hand we found a slight statistical significant difference between amitriptyline and placebo [7] .
Therefore we conclude that there is very low quality of evidence for no benefit of anti-epileptics compared with placebo concerning the reduction of headache days and days with medication (downgraded by design, inconsistency and imprecision). Furthermore we conclude that there is low to very low quality of evidence for no benefit of prophylactic medication compared with placebo concerning headache days and medication use (single studies, downgraded by design).
Figure 5: effect of prophylaxis on reduction of headache days Figure 6: effect of prophylaxis on days with medication use
Discussion
Main findings
Overall we found no benefit of prednisone, prophylactic medication or different withdrawal strategies (low to very low quality of evidence) in the treatment of patients with medication overuse headache. We only found benefit of 10 days less use of acute medication (low quality of evidence) of inpatient treatment compared with outpatient treatment. Overall we found low to very low quality of evidence. Out of the 16 trials found, six were considered as of low risk of bias, and all were of low power (less than 50 patients per treatment group).
Comparison with other literature
Several other (systematic) reviews have been published evaluating the effectiveness of treatments for patients with MOH [4, 13, 16, 21] . All reviews included studies with varying designs, including patient series and cohort studies. They performed no separate analysis on (randomized) controlled trials; therefore their conclusions were more positive compared to ours.
Strengths and limitations
This is the first systematic review including randomized controlled trials only about the treatment of patients with MOH. Because of our broad search strategy we were able to include a large number of trials for treatment of MOH, larger than in other reviews. Nevertheless, most included trials were small, lacked sufficient power and the majority was considered of high risk of bias (low quality).
Second, we did not search for grey literature as this is very time consuming and it is uncertain whether it would influence our current results. Grey literature concern studies that have not been published for various reasons (publication bias). One of the reasons not to publish is a negative outcome. Due to the low number of studies per intervention we have not been able to evaluate publication bias, but we do not think publication bias is a problem in our review, as more negative studies would not have changed our conclusions. Third, selective outcome reporting could not be assessed, as we found no registry of protocols. Fourth, a broad variety of outcome measures were used to observe the effect of treatment of MOH. Although most of the trials used a headache diary to measure the decrease in headache duration and headache intensity and the decrease in acute headache medication as relevant outcome measures, there was a variety on how these outcome measures were measured. This clinical heterogeneity made it difficult to draw firm conclusions. Fifth, we dichotomized the timing of outcome measurement between short-term and long-term outcome. Due to the fact that just a few studies reported sufficient data we were unable to look more closely at different endpoints. Long-term outcomes are preferred to evaluate whether the interventions maintain their effect, but we were unable to draw conclusions on long term effect such as responders to treatment and relapses. Lastly, the definition of MOH might have differed between various trials also due to changes in the IHS criteria for MOH over time and thus the severity of MOH patients in the trial might vary, as in some trials this was not defined or explicitly mentioned.
Recommendations
The benefit of most interventions in patients with MOH needs further evaluation in larger trials of low risk of bias. Patients with MOH are a difficult to treat group of patients both in primary and secondary care. Often they have been using medication for a long period and their quality of life is severely influenced by the number of days with a headache. In clinical guidelines, education about the condition and a complete discontinuation of the headache medication is advised [6, 9, 30, 32] . The withdrawal advice is based on consensus. In our review, we hoped to identify effective treatments to support the discontinuation of the headache medication in patients with MOH. Unfortunately, we found no benefit of the various withdrawal interventions in patients with MOH. The scientific search for an effective treatment or advice for patients with MOH is urgently needed. Future studies should in our view focus on evaluating the treatment that is recommended in the guidelines, which is discontinuation of headache medication and education. This intervention should be designed in a way that it has optimal change to be effective, meaning that discontinuation should be accompanied with clear guidance and proper education. Although the evaluation of various withdrawal techniques is not evaluated in such a way that it enables us to draw a clear conclusion on its benefit, it might still be a promising treatment that needs proper evaluation.
Finding a relevant clinical outcome measure (and measure this comparable in future trials) remains a challenge. Patients with MOH often suffer from chronic primary headaches for years. Because of the headaches they use pain medication. Treating the overuse of pain medication does not mean that the original headaches (e.g. tension type headache or migraine they had initially) will also disappear. Therefore measuring headache intensity or headache frequency might not be the appropriate outcome measure in trials with MOH patients as these are also the outcomes relevant to the original headache. In that case, the end point of the trial might be whether the headache intensity or the frequency of their initial headache (tension-type or migraine) is retained and the intervention for MOH was thus effective. In future trials we recommend a follow-up of at least 12 months to be able to capture possible relapses.
Future studies should include large groups of patients (preferably at least 60 participants per study group) and evaluate the most frequently prescribed intervention (i.e. discontinuation of headache medication + education), preferably compared to usual care to be able to evaluate additional effectiveness.
Extra attention needs to be paid to the choice of outcome measures; e.g. relapse or response to treatment seem to be proper outcome measures these do not interfere with the complaints of the initial or original headache.
In conclusion, research on effective treatments in patients with medication overuse headaches is needed. The guidelines consist of recommendations based on consensus as evidence still is lacking. In clinical guidelines, both in primary and secondary care, the advised treatment for MOH is education about the condition and complete discontinuation of the headache medication. Since no effective treatment with medication for patients with MOH is present, this withdrawal strategy will remain the best available advice. 
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